At the request of the US Department of Energy's (DOE) Federal Energy Management Program (FEMP), Pacific Northwest National Laboratory (PNNL) conducted a series of building energy simulations using a large office model to investigate the potential savings that could be accrued from a typical chiller, boiler, or lighting replacement in a Federal office building. FEMP's interest was in knowing whether or not single component replacements like these would have any chance of achieving the fossil-fuel-based energy consumption reduction requirements specified in Section 433 of the Energy Independence and Security Act (EISA) of 2007 1 . Specifically, FEMP was interested in whether an older Federal building, built in the 1980s or 1990s and designed to meet energy standards in place at the time the building was designed, could meet the requirements of Section 433 of EISA for renovations. Many single component renovations like chiller replacements, boiler replacements, and lighting retrofits may meet the minimum cost requirement of Section 433 of EISA but may not offer any opportunity to achieve fossil-fuelgenerated energy consumption reductions on the order of 55% or more. If single component renovations such as these would not achieve the necessary reductions, then FEMP would consider modifying rules based on Section 433 of EISA to exempt these types of single component renovations from the overall fossil-fuel-generated energy consumption reduction provisions. FEMP would instead require Federal agencies to ensure that these renovations use FEMP-designated efficiencies for chillers and boilers or the lighting power density requirements found in ASHRAE Standard 90.1-2010.
Executive Summary
At the request of the US Department of Energy's (DOE) Federal Energy Management Program (FEMP), Pacific Northwest National Laboratory (PNNL) conducted a series of building energy simulations using a large office model to investigate the potential savings that could be accrued from a typical chiller, boiler, or lighting replacement in a Federal office building. FEMP's interest was in knowing whether or not single component replacements like these would have any chance of achieving the fossil-fuel-based energy consumption reduction requirements specified in Section 433 of the Energy Independence and Security Act (EISA) of 2007
1 . Specifically, FEMP was interested in whether an older Federal building, built in the 1980s or 1990s and designed to meet energy standards in place at the time the building was designed, could meet the requirements of Section 433 of EISA for renovations. Many single component renovations like chiller replacements, boiler replacements, and lighting retrofits may meet the minimum cost requirement of Section 433 of EISA but may not offer any opportunity to achieve fossil-fuelgenerated energy consumption reductions on the order of 55% or more. If single component renovations such as these would not achieve the necessary reductions, then FEMP would consider modifying rules based on Section 433 of EISA to exempt these types of single component renovations from the overall fossil-fuel-generated energy consumption reduction provisions. FEMP would instead require Federal agencies to ensure that these renovations use FEMP-designated efficiencies for chillers and boilers or the lighting power density requirements found in ASHRAE Standard 90.1-2010.
The results of PNNL's analysis indicated that it is unlikely that a combined boiler and chiller replacement, or an individual boiler or chiller replacement in an older existing Federal building would meet the requirements of Section 433 of EISA. While buildings can achieve up to 34% reduction in cooling and 11% reduction in heating load with this type of retrofit, these savings fall well short of the minimum savings specified in Section 433 of EISA.
Similarly, a lighting retrofit in an older existing Federal building would also not likely meet the requirements of Section 433 of EISA. While buildings can save up to 52% on lighting loads, the whole buildings savings would be well short of the minimum savings specified in Section 433 of EISA. DOE's Federal Energy Management Program (FEMP) requested that Pacific Northwest National Laboratory (PNNL) investigate the potential savings that could be accrued from a typical chiller, boiler, or lighting replacement in a Federal office building. FEMP's interest was in knowing whether or not single component replacements like these would have any chance of achieving the fossil-fuel-based energy consumption reduction requirements specified in Section 433 of EISA. Specifically, FEMP was interested in whether an older Federal building, built in the 1970s, 1980s or 1990s and designed to meet energy standards in place at the time the building was designed, could meet the requirements of Section 433 of EISA for renovations.
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Many single component renovations like chiller replacements, boiler replacements, and lighting retrofits may meet the minimum cost requirement 4 of Section 433 of EISA but may not offer any opportunity to achieve fossil-fuel-generated energy consumption reductions on the order of 55% or more. If single component renovations such as these would not achieve the necessary reductions, then FEMP would consider modifying rules based on Section 433 of EISA to exempt these types of single component renovations from the overall fossil-fuel-generated energy consumption reduction provisions. FEMP would instead require Federal agencies to ensure that these renovations use FEMP-designated efficiencies for chillers and boilers or the lighting power density requirements found in ASHRAE Standard 90.1-2010.
Methodology
The approach taken in this analysis was to identify levels of chiller and boiler efficiencies and lighting power densities that might be associated with older existing Federal buildings and compare the results of whole building performance simulations for existing buildings to simulations for an identical building that uses newer higher efficiency chillers and boilers and improved lighting. For both of these analyses, five climate locations representing the climate extremes found in the continental United States were used: Miami, Las Vegas, Seattle, Chicago, and Duluth. Table 1 shows the calculated chiller and boiler sizes for the large office model in each climate location. Two chillers and two boilers are used in the building. The reported sizes are for the individual chillers and boilers. Table 3 shows the resulting cooling energy consumption for each performance level in each location. Table 4 shows the resulting cooling energy percentage increases for equipment with less efficient chiller than a current FEMP-designated chiller for each performance level in each location. Buildings with chillers that meet the requirements of Standard 90-75 will use up to 34% more cooling energy than a building with a FEMP-designated chiller. Table 5 shows the resulting heating energy consumption for each performance level in each location. Table 6 shows the resulting heating energy percentage increases for equipment with lower efficiency level than a current FEMP-designated boiler for each performance level in each location. Buildings with boilers that meet the requirements of Standard 90-75 will use up to 11% more heating energy than a building with a FEMP-designated boiler. 
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